
AOBS 075 ILLINOIS UNIV AT URBANA-CHAMPAIGN ELECTROIAGNETICS LAR F/6 91
F INVESTIGATION OF QUASI-OPTICAL INTEGRATED CIRCUITS AND ELECTRflM--ETC~fl)
I IJL 80 R MITTRA DAAG29-77-G-0111

UNCLASSI1FIED ARO-14686.9-EL NL



\~/~~~~V14!UNCLAS51FLED
SECUkITY CLASSIFrICATIO4 Of TH-IS PAG.E frio Veto E..ue,.d)

REPORT DOCUMENTATION PAGE 1 OFCM GNSOR

. ..... --- 2. GOVT ACCESSIONNO. 3- StCIP 4TSCA G NUMBER

4. XL E (and Subtilei)S wOW!WY A5cvNT

6' - inal Xe~wtob
INVESTIGATION OF &UASI-OPTICAL INTEGRATED 1I Mar 77-31 May _86.0

kf1 IRCUITS AND ELECTROMAGNlETIC sc~rTERING AND 6. N-W OiG0Ad OR POPTW it
RAO IAT ION PRdI..EMS.

S. 0111.OAAMT NUMBER(&)

9. PERFORMING ORGANIZATION NAME AND ADDRESS \~~. PROGRAM ELEMENT. PROJECT, TASK
Univrsiy o ilinoi a K. AREA & WORK UNIT NUMBERS

0 Urbana, IL 61801

Oct 11I. CONTROLLING OFFICE NAME AND ADDRESS 2

U. S. Army Research Office ji8

C~~l Post Office Box 12211PAE
Research Triangle Park, NC 27709 5_____________

14. MONITORING AGENCY NAME & ADIES(If different Ism Cceuiroilint Office) IS. SECURITY CLASS. (of this report)

Unclassi fied

I-.15Ia. DECL ASSI FICATION/ DOWNGRADING
SCHEDULE

IS. DISTRIBUTION STATEMENT (of thi. Report)

Approved for public release; distribution unlimited. fT!N7'

17. DISTRIBUTION STATEMENT (of the abstrat en tered In, Block 20, It different from. Report) !

NA A
Is. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation.

19. KEY WORDS (Continute an reverse aidit It necessary and ientlity by otoca rnue~oqr)

waveguides electromagnetic scattering

concentrated cmentl onlwlslowctostagndti laightigho ilctista
provienn altraecocsomtli ei hc eoels adepniea

C..> ~millimeter wavents. Tesmayisppeetdbacolte itngf

aciv reporits and ranultons rlimtnero thves ireserch. Rsac

millmetrwaelegths Th sumr Is supe eed by a, com lete litngo



INVESTIGATION OF QUASI-OPTICAL INTEGRATED CIRCUITS AND ELECTROMAGNETIC
SCATTERING AND RADIATION PROBLEMS

Final Report

for the period

1 March 1977 to 30 April 1980

Raj Mittra

July 1980

U. S. Army Research Office

Grant DAAG29-77-GO111

/ on

Electromagnetics Laboratory .
Department of Electrical Engineering

Engineering Experiment Station ,
University of Illinois . ...
Urbana, Illinois 61801

Approved for Public Release;
Distribution Unlimited./ I



STATEMENT OF THE PROBLEM/SUMKARY

During the tenure of the grant in the last three years, we have been

engaged in the investigation of waveguides, passive components, active

circuits and antennas for millimeter waves. We have been concentrating

entirely on low loss, low cost and lightweight dielectrics that provide

an alternate choice to metallic media which become lossy and expensive at

millimeter wavelengths.

We have investigated several different types of dielectric waveguides,

e.g., the inverted strip and image guide, and have also studied various

components derived from these waveguides. These structures have been

investigated extensively both from the theoretical and experimental points

of view. Two different approaches to analyzing dielectric waveguides have

been developed. One of these is based on the mode matching technique which

is applied in conjunction with the variational method. The second approach,

developed more recently, employs the field expansion method as a first step,

and is relatively more efficient as well as accurate. Extensive numerical

results have been obtained using the field expansion method. These results

have been compared against experimental measurements, and good agreement

has been found. Comparison with results published elsewhere has revealed that

the propagation constant predicted by the present technique agrees more closely

with the experimental data than those derived using either the well-known

effective dielectric constant of Toulios or the approximate methods of Goell

and Marcatali, orginally derived for planar waveguides.

One of the vexing problems in an open waveguide is the unwanted radiation

from bends or other discontinuities which are invariably present in such com-

ponents as couplers and resonators. We have investigated this problem and

have designed a shield which reduces the radiation loss by as much as 7 to

8 dB thus making the loss due to radiation virtually negligible.
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2.

The shielded dielectric guide becomes an oversized, and hence over-

moded, waveguide when the shield completely encloses the dielectric guide.

Such a multimode guide may find useful application at frequencies above 100 GHz.

We have developed analytical tools for investigating such waveguides.

A number of dielectric antenna configurations for millimeter wave appli-

cations have been designed and studied both theoretically and experimentally.

Uniform or tapered dielectric rods, operating as surface wave antennas,

radiate primarily in the endfire direction. When discontinuities, such as

metal strips, are introduced in these rods, the primary mode of radiation

changes to leaky wave type. We have successfully predicted some of the radia-

tion characteristics, e.g., the direction of the main beam and the beamwidth,

on a theoretical basis and have verified these predictions experimentally.

In addition to passive structures we have designed a number of active

circuits, e.g., oscillators and mixers. We have addressed the problem of

configuring open cavity designs that are compatible with dielectric waveguides.

To date, we have built oscillators which have successfully operated up to

60 GHz. However, the designs themselves should be useful to 94 GHz range.
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